The two-incision technique and the modified Watson-Jones technique use muscular intervals and avoid muscle cutting in total hip arthroplasty (THA). However these two techniques have not been compared.
O ver the past decade, minimally invasive total hip arthroplasty (THA) has attracted great attention and concern from patients and surgeons. Clinical studies with better results or inferior outcomes are controversially reported. (1) (2) (3) (4) (5) (6) (7) (8) Nevertheless, it is generally agreed that by minimizing tissue trauma, patients may benefit from the techniques if the surgery is executed correctly. There are many surgical techniques for minimally invasive THA. Some reduce the incision length and muscle cutting (3, 7, (9) (10) (11) (12) and others use intermuscular intervals to avoid muscle sectioning. (1, 2, 4, 8, 13) There is a major dichotomy of opinion between surgeons, referring practitioners, and patients regarding a successful arthroplasty. (14) (15) (16) While patients may consider minimally invasive surgery (MIS) as a new technology that can increase satisfaction, surgeons are more concerned about the risks, clinical outcomes, and complications. Comparative studies of a posterior approach, (7, 9, (16) (17) (18) (19) transgluteal approach, (1, 12, 20) two-incision technique, (21) and different routes (22) have been reported. Similar to the two-incision technique, the modified Watson-Jones technique avoids muscle cutting and uses the intermuscular interval between the gluteus medius and tensor fascia latae for both cup and stem implantation. (13, 23) However, these two techniques have not been compared in the literature. The purpose of this prospective randomized study was to compare the hospital course, surgical results, clinical outcomes, and patient preferences in patients who had a two-incision THA in one hip and a modified Watson-Jones THA in the other.
METHODS
Between January 2004 and August 2007, 151 two-incision THAs in 143 patients and 225 modified Watson-Jones THAs in 198 patients were performed by a single surgeon. Among them, 40 patients who had bilateral hip involvement were eligible for study enrollment. During the study period of time, 9 patients chose to have the same minimally invasive approach for their bilateral hips and 11 patients who were eligible chose not to be enrolled in the study. After 20 patients (40 hips) consented and completed the surgery, enrollment was stopped (Fig. 1 ). They were equally randomized into the two-incision first or modified Watson-Jones first group and followed regularly. The inclusion criteria were patients who had bilateral hip disease scheduled for sequential bilateral primary THA. The operations were performed by a single surgeon who learned the techniques through cadaver workshops and live surgeries with the developer of the modified Watson-Jones technique. The minimal time interval between the two THAs was 3 months to allow recovery from the previous surgery and to avoid recall bias. The exclusion criteria included previous hip surgeries, simultaneous bilateral THAs, sequential bilateral THAs performed within 3 months, pathological conditions that were contraindicated for the minimally invasive approach, and any complications that confounded the surgical results.
Treatment protocol
The patients were scheduled for surgery on the side with more discomfort first and the choice of surgical approach was randomly assigned. The time for the second THA was not predetermined and a minimal 3 months was required for inclusion in the study. In the two-incision first group, the average time interval to the modified Watson-Jones THA was 9.7 months (range, 3 to 19 months). In the modified Watson-Jones first group, the average time interval to the two-incision THA was 5.9 months (range, 3 to 13 months).
All patients received general anesthesia. All patients had the same postoperative analgesic protocol with intramuscular meperidine (50 mg) injections every four hours and oral acetaminophen 500 mg plus tramadol 50 mg every six hours. Data on gender, age, body mass index, preoperative diagnosis and length of hospital stay were recorded.
Surgical techniques
For the two-incision THA, the patient was positioned in a lateral position as described by Lee et al. (23) Dissection was carried out between the sartorius and tensor fasciae latae superficially and between the gluteus medius and rectus femoris underneath. A special acetabular reamer and cup inserter were used for the acetabular side from the anterior wound. Another posterior incision was made through the gluteus maximus superficially and between the piriformis and gluteus medius underneath for femoral preparation. The femoral canal was prepared with a rasp and reamer. For the modified Watson-Jones THA, the patient was positioned in the lateral position on a special operating table in which one foot piece could be removed to facilitate hyperextension, external rotation, and adduction of the hip. The surgical procedure was followed the steps described by Bertin and Röttinger. (13) Dissection was carried out between the tensor fasciae latae and the gluteus medius. A special acetabular reamer and cup inserter were used. On the femoral side, a special dog-legged broach handle and curved retractors were used. A Trilogy cup (Zimmer, Warsaw, Indiana, U.S.A.) and Fiber Metal Taper stem (Versys; Zimmer, Warsaw, Indiana) were used in all hips with a cementless press-fitting technique.
The time in the operating room, perioperative blood loss, total incision length, and any difficulties during surgeries were recorded.
Radiographic evaluation
Radiographs were taken immediately postoperatively and at intervals of 3 months, 6 months, and yearly after the surgery. The cup inclination angle, anteversion angle, stem alignment, and canal filling ratio were recorded. (23) Any migration, loosening, or early failure of the components was recorded.
Functional results and patient preferences
Functional evaluations were assessed with the Harris hip score (HHS) preoperatively and at intervals of 6 weeks, 3 months, 6 months, and yearly after the surgery. (24) A rehabilitation protocol with early ambulation under protective weight bearing for 6 weeks was used in both groups of patients. Patient preferences were assessed after the second THA during the hospitalization period and at 6 weeks, 3 months, 6 months, 1 year, and 2 years of follow-up (Table 1) . 
☺ ☺
Note: relative preference = (10 -x). x = distance from the point designated to the side of the scale.
Statistical analysis
Statistical analysis was done using Wilcoxon signed-rank test and the chi-square test. All statistical analysis was performed using SPSS 17.0 for Windows (SPSS Inc., Chicago, IL, U.S.A.).
RESULTS
The two-incision THA resulted in a longer operation time (137 minutes vs. 124 minutes), more blood loss (608 mL vs. 473 mL), a longer incision length (9.8 cm vs. 9.1 cm), and longer hospital stay (5.4 days vs. 4.7 days) compared with the modified Watson-Jones THA. However the differences were not statistically significantly different except for the hospital stay (p = 0.04) ( Table 2 ). The preoperative HSS was 60 12 points in the two-incision THA hips and 65 14 points in the modified WatsonJones THA hips. Both groups of hips showed rapid recovery without differences in the HHS at each interval of follow-up. No complications such as pulmonary embolism, fractures, dislocations, or infections were noted immediately postoperatively or in the follow-up. At the last follow-up, all hips showed good bone incorporation without evidence of radiographic or clinical loosening. The radiographic results were not different between the two techniques ( Table 3) .
Although there were no differences in the hospital course, clinical results, functional outcomes, and radiographic results for the two techniques, there were differences in patient preferences. The twoincision side was preferred by 70% of patients regardless of which technique was performed first (p = 0.005 immediately postoperative and p = 0.006 at six weeks follow-up). The subjective preference on the two-incision side decreased to 65% (5% responded no difference) at 3 months (p = 0.008) and 30% (65% responded no difference) at 6 months (p = 0.025). Accordingly, the relative preference for either hip in the same patient was also demonstrated by the point designated by the patient on a scale (Fig. 2) . It was found the relative preference for the two-incision side was higher until 6 months and was not different thereafter. 
DISCUSSION
Minimally invasive THA has provoked controversy and attracted great attention in the past decade. The techniques, in general, can be divided into two categories. Some use abridged incisions such as a transgluteal (11, 12, 20) or a posterolateral (7, 9, (16) (17) (18) (19) route, while others (1, 2, 4, 13, 21, 23) avoid muscle cutting by using intermuscular intervals for surgery. Retrospective comparative studies of the two-incision technique have reported only modest outcomes and potentially higher complication rates compared with the transgluteal (8) and posterior techniques. (21, 22) In contrast, favorable results have been reported with the modified Watson-Jones technique (13, 27, 28) which uses the intermuscular interval between the tensor fascia latae and gluteus medius for both cup and stem implantation. There has been no study comparing the modified Watson-Jones and two-incision techniques in the literature. In this study, the hospital course, surgical results, and clinical outcomes of the two-incision and modified Watson-Jones THAs were compared in the same patient. A comparison of the results in the same patient eliminates individual variability and provides a chance to explore patient preferences. Good surgical results and clinical outcomes were obtained for both techniques as long as they were conducted adequately. After the completion of the study, all patients responded that they were satisfied with the results and happy to be enrolled in this study. Theoretically, both techniques spare muscle cutting and preserve soft tissues around the hip that render optimal recovery. However it was noted that more patients preferred the two-incision side to the modified Watson-Jones side in the early postoperative period. Recall bias was not considered a confounding factor because patients were equally randomized into groups. In addition, the intervals between the two THAs were 9.7 months and 5.9 months, respectively. We think that the differences might be techniquerelated. In preparing the acetabulum for cup implantation, both techniques are similar with the only difference in the different intermuscular intervals used for surgery. For the femoral stem implantation, the two techniques are different. The modified WatsonJones technique requires release of the posterior hip capsule and sometimes the piriformis tendon to facilitate external rotation, hyperextension, and adduction of the hip for femoral broaching and stem implantation. In contrast, the two-incision technique requires less manipulation and only the interval between the piriformis and gluteus medius is used for femoral broaching and stem implantation. Although the difference in the preference might be clinically inconsequential, since it was only noted in the early postoperative period, and all patients were satisfied with their clinical outcomes at the most recent follow-up, it is still of interest to discover evidence to identify objectively the risks and benefits of each MIS technique, especially from the patient's perspective.
In the literature, the posterior approach is the most commonly reported technique in case series or as a comparison to a standard approach. (7, 9, (16) (17) (18) (19) The two-incision approach has been less addressed and controversial outcomes have been reported. (1, 2, 6, 8, 21, 22, 26) In the learning period or in inexperienced hands, complication rates are significantly higher with the two-incision technique compared with other conventional methods. (8, 21, 26) Over the past years, the enthusiasm about the minimally invasive THA seems to have gradually decreased because of a lack of high quality prospective randomized studies, and sustained superior functional outcomes following the approaches have not been documented conclusively. (29, 30) Nevertheless more surgeons are adopting some type of minimally invasive THA in their practice because of pressure from patients, institutions, industries, and peers. (3, 14, 15, 25) In this study, we found the surgical results, hospital course, and functional outcomes were comparable in the two-incision technique and the modified Watson-Jones technique. We also noted more patients (70%) preferred the twoincision side to the modified Watson-Jones side in the first 6 months, regardless of which procedure was performed first. The strengths of this study include the prospective randomized study design, standardized surgical techniques performed by a single surgeon, and comparison of two similar techniques using the same patient to eliminate selection bias. However this study was limited by the small number of patients, and the risks and benefits of the two techniques could not be objectively assessed because only successful cases were included. Nevertheless, this study provides information about two similar THA techniques from the patient's perspective, which has not been explored before. However, randomized clinical trials with high levels of evidence are needed to determine the merits of these two and other techniques, to objectively analyze long term clinical outcomes, and to meet patient requests. 
